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The bond strength of chlorine peroxide (CIOOCI) is studied by photoionization mass spectrometry. The
experimental results are obtained from the fragmentation threshold yielding, @ikich is observed at
11.524+ 0.025 eV. The G-O bond strengtid® is derived from this value in comparison to the first ionization
energy of ClO, yieldingD®,9s = 72.394 2.8 kJ mot™. The present work provides a new and independent
method to examine the equilibrium consté&at, for chlorine peroxide formation via dimerization of CIO in

the stratosphere. This yields an approximation for the equilibrium constant in the stratospheric temperature
regime between 190 and 230 K of the foifg; = 1.92 x 1027 cm® molecules? x exp(8430 KT). This

value ofKq is lower than current reference data and agrees well with high altitude aircraft measurements
within their scattering range. Considering the error limits of the present experimental results and the resulting
equilibrium constant, there is agreement with previous works, but the upper limit of current reference values
appears to be too high. This result is discussed along with possible atmospheric implications.

Introduction where the intermediate CIOO is produced with sufficient energy
so that it likely dissociates spontaneously under stratospheric
ClOOCI is efficiently formed in the stratosphere from CIO, conditions? y P y P
if the temperature is low enough to permit dimerization. Three Th ' d-stat trv of CIOOC! has b ted b
isomers of CJO, are known (CIOOCI, CICI@ and CIOCIO), . etgr?“g“ 'ﬁ.ahe r?e"”t‘)e ry o ; ast. eer:jr%p"“; Y
of which CIOOCI is the most stable oA&.Therefore, dimer- Irk et al.,” which has been recently questioned based on

ization of CIO yields preferably chlorine peroxide CIOOCI, coupleq cluster calculatiori3.In part|cu.|ar, the G.O bond
whereas the other isomers are formed with considerably lower length is found to be shorter than in previous experimental work.
efficiency34 CIOOCI is a key compound for the understanding ~ The bond strength of CIOOCI at 298 K has been reported
of strong stratospheric ozone loss in the cold stratosphere, whichPefore. The values range between$3 kJ and 81.6+ 2.9 kJ
is regularly observed in polar sprifig. The isomer chlorine ~ Mol™-.***?Cox and Hayman report 72:5 3 kJ mof .1 This
peroxide CIOOCI is the key species in the major ozone loss bond strength as well as the equilibrium constant for CIOOCI-

cycle under polar stratospheric conditidng: formati.on according to eq 1 are crucial quantjties with respect
to the importance of the ozone loss mechanism shown in eqs
2CI0O 4+ M = CIOOCI+ M (1) 1-5. Small changes in CI©OCI bond strength may signifi-

cantly change the equilibrium of eq 1 in the stratosphere.

ClIOOCI+ hw — CIOO + Cl ) Moreover, discrepancies between measurements of chlorine
CIOO+M—CI+0,+ M (3) oxides in the stratosphere and model predictions are reported
which may possibly be connected with uncertainties in strato-
2(Cl+0O;—CIO+ 0y (4) spheric chlorine chemisti#15 Recent field measurements by
5 ) B
net: 20, + hv — 30, ®) von Hobe et at® and Stimpfle et al’ indicate that there are

indeed discrepancies in the equilibrium constant for CIOOCI-
] _ formation.
Reactions 2 and 3 proceed probably in a concerted manner, tpe motivation for the present work is the importance of CIO
- chemistry in the polar stratosphere including existing uncertain-
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works, where the dimerization equilibrium of CIO was
investigated1~13

Experimental Section

The experimental setup consists of the following compo-
nents: (i) a flow tube for CIO and CIOOCI production; (i) a
tunable vacuumultraviolet (VUV) radiation source (laser-
produced plasma, pulse length 25 ns,~10° photons/s at a
bandwidth of 0.8 nm) between 8 e¥ E < 25 eV photon
energy; (iii) a time-of-flight mass spectrometer (TOF) for cation
separation and detectidrClO is generated in the flow tube by
the reaction: CH OCIO — 2 CIO, using a gas mixture of 5%
Cl, in He for Cl production in a microwave discharge at typically
p = 5 hPa. The OCIO source has been described béfore.
Chlorine peroxide is efficiently produced by cooling the flow
tube to 170 K, as reported in previous wdrk/e derive from
our prior photolysis work the contribution of CIC}@o Cl,O,
to be 17+ 2%, whereas the remaining 83 2% contribution
is due to CIOOCH It is assumed that the contribution of CIGIO
is essentially due to residual humidity in the cold flow system,

which promotes the formation of this species via heterogeneous

reactions. The formation of @Ds is avoided by titrating the
OCIO with atomic chlorine. Thus, no mass signals frorsQat
(m/z = 118, 120, 122) are observed in photoionization mass

spectra. Further, no evidence from mass signals pointing to the

formation of higher chlorine oxides in the flow tube is found

(cf. ref 19). The gaseous sample emerges from the flow tube

into a high vacuum recipient. It is ionized in the ionization
region of the TOF by tunable VUV-radiation pt< 1073 Pa,
i.e., under collision-free conditions. The ionization and frag-

mentation thresholds of selected mass channels are obtained b
scanning the photon energy while measuring the cation intensity.

The intensity of the ionizing VUV-radiation is measured
simultaneously, so that photoionization mass spectra as well a
photoion yields are reliably normalized to the VUV photon flux.
The absolute photon energy scale is established by using th
autoionization of molecular oxygen as well as rare g8%es.

Results and Discussion

Bond Strength of CIO—OCI. Photoionization mass spec-
trometry is used to determine the-@ bond strength of Cl©
OCI. This is accomplished by measuring the ionization energy
of CIO and the fragmentation threshold of Ci@rmation from
CIOOCI. The energy difference between both quantities yields
the CIO-OCI bond strength.

The ionization energy of CIO (IE(CIO)) is obtained from the
CIO* photoion yield of the room-temperature CIO sample,
where no chlorine peroxide is present in the flow tube:

CloO+hv—CIO" + e (6)

as shown in Figure la. This yields IE(CI&) 10.85+ 0.013
eV. The error limit of the threshold energy is determined from

S
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Figure 1. Photoion yield of CIO recorded at different experimental
conditions: ()T = 298 K; (b) T = 170 K. The arrows indicate the
threshold energies. The horizontal lines mark the zero level of cation
intensity.

(a)

Rel. Intensity [arb. units]

above the onset to the pre-threshold level, similar to previous
work24 This aspect is of central importance to the present work,
where differences in threshold energies are used to determine
the CIO—-OCI bond strength. These must be determined exactly
in the same way in order to avoid artifacts that may come from
different ways to determine ionization or fragmentation thresh-
olds.

The appearance energy of Cl@&om CIOOCI is measured
by cooling the flow tube td@ = 170 K. This yields an increased
threshold energy relative to that of neat CIO, corresponding to
11.52+ 0.025 eV (see Figure 1b). This threshold is determined
in the same way as the ionization energy of CIO, indicating
that CIO is efficiently bound in GD,, where predominantly
CIlOOCI is formed! Although, CIOOCI represents 83% of the
Cl,0O, sample, as outlined in the previous section, it is important
to find evidence whether exclusively this majority species
Lontributes to the experimental threshold energy. The photoion
yield of CIO" is characterized by two distinct steps above the
onset energy. These steps occur at the threshole (11.52
eV) and near 11.84 eV, respectively. The energy difference of
~0.32 eV is too large to be due to any vibrational fine structure
of the neutral (cf. ref 25) or the cation. It is rather assumed that
either close lying direct ionization processes from outer occupied
orbitals26 or autoionization features contribute to the structured
photoion yield of CIO in the threshold regime.

The origin of CIO" that contributes to this threshold value is
discussed in the following with respect to other channels that
may possibly be active at the threshold energy: First, CIOOCI
is formed efficiently upon dimerization of CIO, corresponding
to chlorine peroxide formation, at low temperatfite.this case,
the appearance energy of CiGs due to fragmentation from
CIOOCI, so that this value can be used to determine the bond
strength of CIG-OCI. However, other GOy minority species
may also contribute to the CiOthreshold. The appearance
energy of the process CIC}GF hy — CIOT + Cl + O + e~
is calculated to be 14.28 eV (cf. data from ref 27). Even if
instead of the neutrals Gt O the molecular fragment CIO is
formed upon dissociative photoionization, one derives a thresh-
old value of 11.49 eV, which is slightly below the value of

the experimental uncertainty, where the ion intensity rises above11.52+ 0.025 eV, that is deduced from Figure 1b. Thus, the

the noise level, as follows from Figure la. Each data point
corresponds to the sum of repeated scans of the" @l€ld as
a function of photon energy. This measurement confirms our
earlier work, but the error limit is significantly reducétiNote

threshold energies of these processes starting from CIOOCI and
CICIO; are quite similar to each other, so that they will be
difficult to distinguish, if they occur with the same intensity.
Evidently, this is not the case for the following reasons: (i)

that Thorn et al. have reported a somewhat higher ionization CICIO; is only a minority species in the sample; (ii) both isomers
threshold value of 10.88% 0.016 eV?2 This discrepancy is  should have the same fragmentation cross section in the
essentially the result of a different way of determining the threshold regime; (iii) the fragmentation threshold starting from
ionization threshold. We use throughout this work the approach CICIO, would imply that the cation undergoes massive rear-
outlined by Traeger and McLoughlf$,where the threshold  rangement processes after vertical excitation, which appears to
energy is found by linear extrapolation of the ion intensity right be unlikely at the threshold energy. In contrast, the process
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starting from CIOOCI corresponds to a rupture of the €0
OCI* bond. Contributions to the CiOyield from higher
chlorine oxides are ruled out, as pointed out in the previous
section. Furthermore, contributions to the Clreshold from

the reactant OCIO are ruled out, since the fragmentation 25 |-
threshold is found at 13.48 0.04 eV28 Therefore, one expects =
for the majority species CIOOCI a clearly visible threshold that %
leads to CIO formation at 11.52 eV (cf. Figure 1b), whichis 3 o0k
assigned to dissociative photoionization of CIOOCI: 5;

ClOOCI+hy—CIO" + ClO+ e~ (7)

The difference in threshold energies between processes 7 anc
6 gives directly the bond dissociation energy of CIOOCI, using
the stationary electron convention and by considering thermal
effects?® First, we correct the experimental resultsTte= 0 K,
using the experimental value from Figure la: IE(CIS)
10.85 + 0.013 eV. The heat of formation of CIO is well-
known: AfH°y (CIO) = 101.03+ 0.1 kJ mot1.2° This yields
together with IE(CIO): AtH% (CIO") = 1147.9+ 1.3 kJ mot 2.

This value is somewhat smaller than that reported by Thorn et
al. 22 since they used a larger value for the first ionization energy
of CIO, as mentioned above. The appearance energy Yielding
CIO* from CIOOCI (AE(CIOH/CIOOCI)) (see Figure 1b) has
been recorded af = 170 K. This value is corrected t6 =

0 K according té?223

AE, (CIO"/CIOOCI) = AE,, (CIO/CIOOCI) +
[H170_ Ho] —2.5RT (8)

The thermal correction is obtained from the heat capacity
estimates of CIOOCI similar to calculations by Abramowitz and
Chas€? and the most recent JANAF compilatiéhinstead of
the data from these references we use slightly different, rounded
vibrational frequencies, which are based on more recent
experimental work by Jacobs et Al.including vibrations
communicated in earlier worke; = 754 cn1t, v, = 543 cn1,
vz =320 cnm, v, = 127 cnTl, v5 = 648 cn1l, andve = 419
cm~L. These values consider the dominant abundance of the
35C| isotopomer and appear to be more reliable than earlier
estimates (cf. ref 29). We note that the difference in thermal
correction between both approaches is of the order of 0.055 kJ
mol~! for the correction from 170 to O K. However, this
difference increases more significantly to 0.2 kJ mdbr the
thermal correction from 0 to 298 K (see below).

The present thermal correction yields AEIOT/CIOOCI)
= 11.5554 0.025 eV. lonic fragmentation of CIOOCI yields
CIO* + CIO (cf. eq 7). The sum of the heats of formation of
these products isAsH%y (CIO™) + AsH% (CIO) = 1248.93+
1.36 kJ mot?l. One obtains from this value by subtracting AE
(CIO*/CIOOCI) the heat of formation of CIOOCI:A{H%
(CIOOCI)= 134.07+ 2.8 kJ mof ™. This value compares well
to previous experimental woik;13and theoretical studies that
range from 123.1 to 143.2 kJ m@|27:31-33

The bond strength of chlorine peroxidelat 0 K is obtained
from

D°, (CIO—OCl) = 2 AH%, (CIO) — AH°, (CIOOCI) (9)

yielding D° (CIO—OCI) = 67.994+ 2.8 kJ motl. Note that
this value is similar to results from earlier theoretical work,
where 79.16 kJ mol are derived with a considerable error limit
of £12.5-20.9 kJ mofL.5 D%, (CIO—OCI) is corrected td@ =
298 K so that it can be compared to previous wdis2 This
is accomplished by usingH®29s (CIO) = 101.63+ 0.1 kJ

Plenge et al.
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Figure 2. Temperature dependence of the equilibrium cons@ruf

reaction 1 as a function of the reciprocal temperature. Experimental

results from laboratory work!3 the recommended values from ref

34, and results from this work are included.

4.5 5.0

TABLE 1: Comparison of the CIO—OCI Bond Strength at
T = 298 K: D°,95 (CIO—OCI) Derived from Experimental

reference D°,95 (CIO—0OCI), kJ mot?
Basco and HunAt 69+ 3
Nickolaisen et at? 81.6+ 2.9
Cox and Haymat? 725+ 3
this work 72.39+ 2.8

mol~1.29.30 A{H°,95 (CIOOCI) is obtained fronAsH°o (CIOOCI)
along with thermal corrections as outlined abé%e>29-3%We
derive from thisAtH®29g (CIOOCI) = 130.874 2.8 kJ mol.
Finally, we obtain according to eq 9 far = 298 K: D°ygs
(CIO—OCI) = 72.394 2.8 kJ mol%. This value compares well
with previous works (see Table 1). Small, but significant
discrepancies compared to the current JPL-evalutisiti be
discussed in greater detail in the following section.
Atmospheric Implications. From the experimental bond
dissociation energy of chlorine peroxide derived from the present
work, we can calculate the equilibrium const&gg for reaction
1, which is expressed in terms of the reaction entragyand
enthalpyA/H:

RT QSR - AHIRT
N

Keq=

(10)
whereN, is the Avogadro constant aritlis the universal gas
constant. The temperature dependenceAdgd and AH is
considered in order to obtain accurate results over a wide
temperature rangeé\YT) is derived from third law entropies
of CIO and CIOOCI, as described by Ch&8eysing the
vibrational frequencies derived by Jacobs et al. (cf. previous
section)?® AH(T) is equivalent to the bond dissociation energy
of CIOOCI calculated from\{H°(CIO) andA;H°(CIOOCI) (see
eq 9) using the thermal correction to account for its temperature
dependencé’0

Figure 2 shows a van't Hoff plot of the equilibrium constant
Kp as a function ofT 1. K, [atm™] is derived fromKeq [cm?/
molecule] using eq 10, wherk, = Ke(T)/(RT). Thus, the
present results can be directly compared to earlier works, which
are also included in Figure 2:1334The error limits ofK, are
directly determined by the error limit of the C&DCI bond
strength given above. This is due to the fact that the uncertainty
of A;Sis negligible compared to the uncertaintysmH (cf. ref
30). The present value & is lower over the entire temperature
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15110 ol The analysis of in situ CIO high altitude aircraft measurements

28 & wbyr 20900
By 8: 1 ---------- by Avallone and Toohey and estimated CIOOCI mixing ratios,
£ o6 2 assuming full chlorine activation, yield a somewhat higher
= [ ] equilibrium constant than derived from the present wiikhis
Foulk e . N value ofKeq is still significantly lower than the value reported
c - 1 in ref 34. Results based on in situ CIO and CIOOCI measure-

22 _ ---------- s 1 ments for solar zenith angles SZA 95°, conducted in the
F Arctic stratosphere on board the high altitude aircraft ER-2 in
winter 1999/2000 by Stimpfle et &’,agree with the results of

20 -~ E

§ the present work. Von Hobe et al. found an even lower value
T8l = v osmie g TR g wow g for Keqbased on in situ CIO and CIOOCI aircraft measurements
4.4 4.6 438 5.0 52 conducted in the Arctic winter 2002/2008.These aircraft

1000/T [K™ measurement$17:36generally confirm the equilibrium constant

Figure 3. Temperature dependence of the equilibrium constarf of the present work within their scatter range and provide strong
reaction 1 as a function of the reciprocal temperature in the regime of €vidence that the current recommendatfaslightly overesti-

stratospheric temperatures. Experimental results from field measure-matesKeq On the other hand, another evaluatféthat is based
mentst®176the recommended values from ref 34, and results from on CIO measurements which were obtained from a balloon-
this work are included. The measurements from refs 17 and 37 were horne instrument, launched on March 1, 2000, before sunrise
conducted in th_e Arctic wi_nter 1999/2000. They are shownpfor from Esrange (675N, 21.0° E) near Kiruna, North Sweden
100 hPa (see diamonds with error bars). ; - ’ |
supports slightly higher values féteq than the recommended
value. Specifically, night-time CIO mixing ratios measured
during the ascent between 96 and® 3¥ZA are used in the
previous analysig’ The corresponding CIOOCI mixing ratios
were estimated from CIO daylight measurements based on the
assumption that the total amount of reactive chlorine GO

range shown in Figure 2 (200 K T < 300 K) thanKeq given

by the current JPL evaluatiéh and previous laboratory
measurement€.Good agreement is found with results reported
by Cox and Haymat? Keq from the present work practically
coincides with the lower limit of the current JPL recommenda- iven b
tion.3* These discrepancies lie within the uncertainty range of given by

the present results. This suggests that there is general agreement ClO, = ClO + 2CIOOCI (13)
between the differeriteq values. However, the present results

allow us to exclude the upper Uncertainty limit of the JPL and that during day“ght (SZK 880) the air parce|s are in a
recommendation foKeq2* Furthermore, the difference between photochemical steady state with the CIOOCI photolysis (eq 2)
the JPL recommendation féteq and the values reported here \which is progressing much faster than the thermal decay
has significant implications for the equilibrium partitioning of (eq 1). Then one obtains

ClO and CIOOCI in the stratosphere, where simulated mixing

ratios of CIO for night time conditions are extremely sensitive ke [Clo]day2 M
to the exact value of the bond strength of chlorine peroide. [CIOOCl] oy ~ 3
Specifically, for a given amount of active chlorine (see below)

atT = 190 K, the equilibrium CIO concentrations calculated Here k is the rate constant for the CIOOCI formation, which
frpm the two differenKeqvalues, i.e., from ref 34 and this work, s taken from ref 34 (see eq 1)js the photolysis rate constant
differ by up to a factor of 2. (see eq 2) derived from absorption cross sections recommended
The overall temperature dependenceKgj, is obtained by by Burkholder et al’¢ and M is the air density. For pairs of
fitting the results derived from eq 10 over the temperature range [ClO]gay and [ClOl,gn: taken on the same levels of potential
between 150 and 400 K (see Figure 2). This can be expressedemperature, where® = T(1000/€)R%, with the atmospheric
as pressurg measured in hPa and the molar heat capacity of air
cp,2% conservative Cl@concentrations [CI@Q can be estimated
over time scales for which the impact of heating or cooling can
be neglected. This corresponds to adiabatic conditions, where
in the atmosphere air parcels remain on a level of constant
However, in stratospheric chemistry models usually a param- potential temperature. Thus, using eqs-12 gives
etrization of the formKeq = A x exp®/T) is used®* We
approximate the results from eq 10 and 11 in the typical _ [CIO] — [Clo]night
temperature range of the polar stratosphere between 190 and ed 2 [ClO], ht2
230 K usingA = 1.92 x 10727 cn® molecule'* andB = 8430 o
K. This is compared in Figure 3 to the recommended JPL ¥alue \ith an uncertainty of 4645% for Keq calculated by error
and various estimates based on night-time field meaSUrementSpropagaﬂon_ CclO mixing ratios were averagecﬂnintervajs
employing the chemical-conversion resonance-fluorescenceof +5 K in the range 380 K< ® < 485 K. This is equivalent
technique’® where results from refs 16, 17, 36, 37 are included. g 40 hPa< p < 98 hPa. We note that calculations of backward
At night time, when photolysis effects are negligible and the trajectories show that the origin of the air masses sampled in
probed air parcels can be assumed to be in a thermal equilibrium.the balloon ascent and descent are located sufficiently close
Keq is deduced from observed CIO and CIOOCI stratospheric together so that it is ruled out that different air masses were
concentrations, using probed®” Reasons for the discrepancy between balloon observa-

(14)

of T \-0.29
Keq=1.61x 10 27(ﬁ)) gbasom (11)

(15)



6734 J. Phys. Chem. A, Vol. 109, No. 30, 2005 Plenge et al.

tions®” and aircraft observatiord§,17-3%in particular those carried (2) Stanton, J. F.; Rittby, C. M. L.; Bartlett, R. J.; Toohey, D. W.
out in the same winté¥, are currently unknown. However, it ~ Phys. Chem1991 95 2107. . _ o .
appears to be possible that the high altitude aircraft measure-San(degr’BSk_’sF?j_V,;/h;s"_ 2}?5?;?‘2881510;"1?2?&7””" R. J; Friedl, R. R
ments!’ that were taken in early winter 1999/2000 (between (4) Plenge, J.. Flesch, R.;"KU S.; Vogel, B.: Mler, R.; Stroh, F.;
000114 and 000203), do not reflect the same amount of chlorineRinl, E. J. Phys. Chem. 2004 108, 4859.
activation than the balloon measurements that were conducted (5) Anderson, J. G.; Toohey, D. W.; Brune, W. Stiencel 991, 251,
in the beginning of March 200%. Specifically, model simula-
reactivation ocourred. Possibl. ciscrepancies e valuos () Mol LT Molna, . 1. Phys. Chemts, o, 433

. ; ) 4 >4 e (8) Moore, T. A.; Okumura, M.; Seale, J. W.; Minton, T. K. Phys.
could be rationalized by these different atmospheric conditions. chem. A1999 103 1691.
Finally, it is noted that, except for some values at low temper- (9) Birk, M.; Friedl, R. R.; Cohen, E. A.; Pickett, H. M.; Sander, S. P.
atures derived from the measurements in the Arctic winter 1999/ J. Chem. Phys1989 91, 6588.
20001737 all results reported from field measureméepis 36.37 (10) Peterson, K. A.; Francisco, J. 5.Chem. Phys2004 121, 2611.

; i ; (11) Basco, N.; Hunt, J. Hnt. J. Chem. Kinet1979 11, 649.
lie within the uncertainty range dieq from the present work. (12) Nickolaisen, S. L.; Friedl, R. R.; Sander, SJPPhys. Cher.994
. 98, 155,
Conclusions (13) Cox, R. A.; Hayman, G. DNature 1988 332, 796.
The thermal stability of CIOOCI is studied by photoionization , (14) Riviere, E. D.; Pirre, M.; Berthet, G.; Renard, J.-B.; Taupin, F. G.;

. L . Huret, N.; Chartier, M.; Knudsen, B.; Lefee, F.J. Geophys. Re200
mass spectrometry. The CKIDCI bond dissociation energy is 108 8311, DOI: 10.1029/2002JD002087. Py 3

(6) Solomon, SRev. Geophys1999 37, 275.

determined, yieldind>°29s = 72.39+ 2.8 kJ/mol. The CIG- (15) Vogel, B.; Miller, R.; Engel, A.; Grooss, J.-U.; Toohey, D. W.;
OCI bond dissociation energy corresponds to an equilibrium Woyke, T.; Stroh, FAtmos. Chem. Phys. Discu05 5, 1623.
constantKeq = 1.61 x 10727 x (T/300) 929 x exp(84807), (16) von Hobe, M.; Grooss, J.-U.; Mar, R.; Hrechanyy, S.; Winkler,

RS . . . U.; Stroh, F.Atmos. Chem. Phy2005 5, 693.
which is in agreement with previous laboratory experiménts (17) Stimpfie, R. M.: Wilmouth, D. M.: Salawitch, R. J.: Anderson, J.

and field measuremens'? 36 within the giVen uncertainties. G. J. Geophys. Re2004 109, DOI:10.1029/2003JD003811.

Nonetheless, differences Ieq Within this uncertainty range (18) Flesch, R.; Rul, E.; Hottmann, K.; Baumigéel, H.J. Phys. Chem.
have already significant implications on the equilibrium parti- 1993 97, 837. _ _ ‘
tioning of CIO and CIOOCI in the cold dark stratosphefeg (19) Rihl, E.; Rockland, U.; Baumigeel, H.; Lasking, O.; Binnewies,

: : . : : M.; Willner, H. Int. J. Mass Spectroni1999 185-187, 545.
repor in this work is in rdance with results from high ’ L ) o Toh
eported in this work is in accordance with results fro 9 (20) Berkowitz, JPhotoabsorption, Photoionization, and Photoelectron

altitude aircraft measuremenits}”3°and somewhat lower than  gpeciroscopyAcedemic Press: New York, 1979.

the value recommended by the current JPL evalu&fidrhis (21) Schwell, M.; Jochims, H.-W.; Wassermann, B.; Rockland, U.;
allows us to exclude the upper uncertainty limit given in ref Flesch, R.; Rbl, E. J. Phys. Cheml1996 100, 10070.

34. The present findings imply that CIOOCI is slightly less stable Chgnﬁ)lgggr?bgiiifé; Stief, L. J.; Kuo, S.-C.; Klemm, R. B.Phys.
than previously thought, and consequently, there should be™ > "> ot 370 o oughiin, R. @. Am. Chem. Sod981, 103
higher CIO mixing ratios in the cold stratosphere for night- 3547
time conditions than follows from the currently recommended  (24) Traeger, J. Cint. J. Mass Spectron2001, 210/211 181.

value of Keq. A lower value ofKeq is expected to shift the (25) Jacobs, J.; Kronberg, M.; Mer, H. S. P.; Willner, HJ. Am. Chem.
partitioning between the CIO dimer and the GIBrO cycle Soc.1994 116, 1106. )

toward the latter one, but the overall ozone loss rate in the Arctic 58§216) Tomasello, P.; Ehara, M.; Nakatsuji, #.Chem. Phys2003 118
winter stratosphere is only r_narglnally_ affected by this sllg_ht (27) Li, W. K.: Ng, C. Y.J. Phys. Chem. A997, 101, 113,
change'®!’Reasons for the discrepancies between several field  56) rockiand, U.: Baumigtel, H.: Rihl, E.; Losking, O.; Miler, H.
measurement&173%and the present results based on laboratory s. pP.: Willner, H.Ber. Bunsen-Ges. Phys. Cheh995 99, 969.
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